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Dexmedetomidine is a sedative agent with limited dosing, safety, and efficacy information in the neonatal population. This
comprehensive review describes the available evidence summarizing the use of dexmedetomidine in various neonatal populations.
We identified 21 studies and 1 case report supporting the efficacy and short-term safety of DEX in neonates. Reported dosing
ranges from 0.5–1.5 mcg/kg/h with or without loading doses. Clinically relevant adverse effects include bradycardia and
hypotension. Future studies are needed to determine long-term safety and facilitate clinical applicability.
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INTRODUCTION
Dexmedetomidine (Precedex®), a highly selective, centrally
acting alpha2 adrenergic agonist, provides sedative and
analgesic-sparing effects [1, 2]. Dexmedetomidine (DEX) is
approved by the Food and Drug Administration in non-
intubated adults for procedural or surgical sedation <24 hours.
In clinical practice, it is often utilized off-label in neonatal,
pediatric, and adult patients as an adjunct to general anesthesia
(GA), premedication for anesthetic procedures, and as sedation
postoperatively and in mechanically ventilated patients for over
24 hours [3–6]. Unlike alternative pharmacologic options, DEX
minimally affects the respiratory drive and gastric motility,
making it an appealing option for use in neonates; however,
neonatal data are limited [7].
The ideal management of pain and sedation for neonates in the

intensive care unit (ICU) is poorly understood. Sedation during
mechanical ventilation is often used to improve ventilator
synchrony and decrease significant distress [8].
Prolonged opioid and benzodiazepine infusions, defined as

greater than 7 cumulative days, in extremely preterm neonates
have been associated with an increase in poor neurodevelop-
mental outcomes [9]. In preclinical studies, benzodiazepines
demonstrate neuroapoptosis in the cerebral cortex and basal
ganglia, and clinical studies mirror these neurodevelopmental
concerns [10, 11]. Alternatively, DEX has been associated with the
inhibition of neuronal apoptosis and suppression of cytokine-
mediated brain injury [8]. These benefits have not yet been
clinically evaluated. Clinical trials and case reports have described
the off-label use of DEX in various neonatal populations. This
review summarizes the available evidence of DEX use and
provides practical and clinical recommendations in preterm and
term neonates, neonates with hypoxic ischemic encephalopathy
(HIE), and neonates undergoing surgery.

METHODS
A literature search was performed in PubMed (January 1946 -
September 2021) using the keyword dexmedetomidine. The
results of this search were limited to the English language,
humans, and “newborn: birth to 1 month”. The references of
primary articles were examined to include articles not identified in
the initial search. A total of 131 articles were identified. Studies
were excluded if the primary patient population was >1 month
old, if they examined use of DEX in pregnancy, or if they were not
conducted in humans. Additionally, review articles or articles in
which the primary study medication was not DEX were excluded.
Case reports and series were evaluated for inclusion if findings
contributed novel information (Fig. 1).

RESULTS
A total of 21 studies and one case report are included in this
review. The studies were grouped by patient population, namely
critically ill neonates, neonates undergoing therapeutic hypother-
mia (TH), and surgical neonates. Dosing information is summar-
ized for each patient population (Tables 1–3).

Critically ill neonates
In the neonatal intensive care unit, patients frequently require
sedation to facilitate mechanical ventilation synchrony and
comfort. Conventional sedative and analgesic agents may
contribute to negative long-term developmental effects [8].
Dexmedetomidine is an attractive alternative sedative that could
be used as monotherapy or in combination with other agents. The
following section describes DEX use for sedation in preterm and
term neonates with dosing information summarized in Table 1.
In 2012, O’Mara et al. conducted a retrospective, observational

case-control study comparing two groups of patients receiving

Received: 30 July 2021 Revised: 26 January 2022 Accepted: 8 February 2022
Published online: 23 February 2022

1Department of Pharmacy, Children’s Regional Hospital at Cooper University Health Care, Camden, NJ, USA. 2Department of Pharmacy, Children’s National Hospital, Washington,
DC, USA. 3Department of Pharmacy Practice and Administration, Ernest Mario School of Pharmacy, Rutgers University, The State University of New Jersey, Hackensack University
Medical Center, Piscataway, NJ, USA. ✉email: Danimcd2@gmail.com

www.nature.com/jpJournal of Perinatology

1
2
3
4
5
6
7
8
9
0
()
;,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41372-022-01351-3&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41372-022-01351-3&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41372-022-01351-3&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41372-022-01351-3&domain=pdf
http://orcid.org/0000-0001-8068-5668
http://orcid.org/0000-0001-8068-5668
http://orcid.org/0000-0001-8068-5668
http://orcid.org/0000-0001-8068-5668
http://orcid.org/0000-0001-8068-5668
http://orcid.org/0000-0001-5692-9247
http://orcid.org/0000-0001-5692-9247
http://orcid.org/0000-0001-5692-9247
http://orcid.org/0000-0001-5692-9247
http://orcid.org/0000-0001-5692-9247
https://doi.org/10.1038/s41372-022-01351-3
mailto:Danimcd2@gmail.com
www.nature.com/jp


fentanyl or DEX for sedation in mechanically ventilated neonates
[12]. This study included premature neonates aged < 2 weeks at
the initiation of therapy. Dexmedetomidine was started empiri-
cally or in those who met predefined criteria for continuous
infusion sedation within 48 hours of life. Additional boluses with
fentanyl or lorazepam were allowed. The primary efficacy outcome
was the need for adjunctive analgesia or sedation during
treatment. Both groups had similar bolus requirements prior to
the start of DEX infusion. The mean number of sedative boluses
per day was similar (3.0 fentanyl vs 1.73 DEX); however, patients
on DEX had a greater percentage of treatment days requiring no
additional sedation compared to the fentanyl group (54.1% and
16.5%, p < 0.0001). Total fentanyl and lorazepam exposures in the
DEX group were 20.6 mcg/kg and 2.7 mg/kg, compared to
patients on fentanyl who received 398 mcg/kg and 6.8 mg/kg,
respectively. Mechanical ventilation was shorter in the DEX group
compared to the fentanyl group (14.4 vs 28.4 days). Interestingly,
patients on DEX underwent an average of 28 chest x-rays during
their hospital stay compared to 49 chest x-rays in the fentanyl
population. Furthermore, enteral trophic feeds were started
approximately 2 days earlier in the DEX group, and the time to
first meconium stool was shorter in DEX patients. The authors
concluded DEX to be safe and effective in the neonates included
in the study.
In 2014, Chrysostomou et al. conducted a phase II/III, open-label,

multicenter safety, efficacy, and pharmacokinetic trial to evaluate
DEX in preterm and term infants [13]. Patients were divided into
two groups based on gestational age, Group I (patients aged ≥28
to <36 weeks) and Group II (patients aged ≥36 to ≤44 weeks).
Doses were assigned to each group with three escalating dose
levels (Table 1). Additional sedation with midazolam was
administered in 10% of patients, all in group II. Fentanyl and
morphine were administered to 17 patients (40%), with three in
group I and 14 in group II. Regarding pharmacokinetics, patients in

group I versus group II had lower plasma clearance (0.3 vs 0.9 L/
h*kg), increased elimination (half-life of 7.6 vs 3.2 h), and increased
area under the curve (2 049 vs 357 pg*h/mL). Three patients (7%)
reported a total of four adverse events related to DEX, including
diastolic hypotension in group I (dose level 2), hypertension in
group II (dose level 1), significant agitation in group II (dose level
3), and a possible mild respiratory acidosis in group I (dose level 2).
Estkowski et al. conducted a retrospective, descriptive evalua-

tion of DEX therapy in term neonates and infants in the pediatric
ICU. Sedation for mechanical ventilation was the indication in 26
neonates (93%) [2]. The median minimum DEX infusion rate was
similar for neonates and infants. Median maximum doses were
higher in infants compared to neonates and maximum infusion
rate was similarly higher in infants. Both neonates and infants had
at least one bradycardia episode that was statistically significant.
Hypotension episodes requiring dopamine for hemodynamic
support occurred but information to determine whether it was
associated with DEX was lacking. Three neonates (11%) received
fluid boluses and four (14%) had cardiovascular adverse events
with chart documentation as a reason for DEX discontinuation.
Concomitant opioid therapy with morphine was present in 84% of
patients and could have contributed to the cardiovascular events
observed in this study. Additionally, concomitant sedative therapy
was used in 71% of the entire population but was more common
in infants than neonates (75/99 (76%) vs 15/28 (54%) (p= 0.02)).
Despite similar dosing strategies, side effects occurred more
commonly in infants than neonates.
Dersch-Mills et al. conducted a retrospective, descriptive review

of neonates receiving DEX in a neonatal ICU, with all but one
neonate being mechanically ventilated [14]. Preterm infants were
started on DEX later in life than term infants (41 vs 3 days, p=
0.004), resulting in a similar postmenstrual age at the time of DEX
initiation between the groups (37.9 vs 39.0 weeks, p= 0.163).
Dexmedetomidine doses were titrated based on pain and

Fig. 1 Flowchart of study selection. Studies were excluded if the primary patient population was > 1 month old, if they examined use of DEX
in pregnancy, or if they were not conducted in humans. Additionally, review articles or articles in which the primary study medication was not
DEX were excluded. Case reports and series were evaluated for inclusion if findings contributed novel information. [DEX = dexmedetomidine;
HIE = hypoxic ischemic encephalopathy; NICU = neonatal intensive care unit].
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sedation assessment scores. Concurrent opioid infusion occurred
in 95% of the patients with either fentanyl, morphine, or
hydromorphone. A reduction in opioids within 24 hours of DEX
initiation was observed in 66.7% of patients. Thirty patients
(78.9%) had DEX weaned off, while 11 (28.9%) needed clonidine,
of which nine patients were on DEX > 10 days. Withdrawal was
seen in 22 patients (71%) while weaning or within 72 hours of
discontinuation. Postmenstrual age at start of DEX, maximum
dose, and duration of therapy were not determined to contribute
to the incidence of withdrawal. Although there was a high rate of
adverse effects in this study (88.9% of patients), there were no
significant differences between the preterm and term neonates.
Approximately half of the patients that experienced hypotension
during the infusion required dopamine; however, there was
limited information to associate these hypotensive episodes
with DEX.
Since DEX dosing variations are observed in neonates, van

Dijkman et al. conducted a pilot dose finding pharmacokinetic
study [15]. The study was based on a simulation of 200 patients
and was then conducted in six neonates and again with an
additional 11 patients for external validation in a refined model.
Patients were included if they were mechanically ventilated. The
targeted concentration of DEX was 0.6 mcg/L with a safety
measure of <1mcg/L. In the simulation, a continuous infusion of
0.3 mcg/kg/hour of DEX over a 24 hour period was predicted to
result in appropriate exposure within 4 hours and achievement of
steady state after 10 hours, resulting in a serum concentration of
approximately 0.6 mcg/L. This simulation helped improve dosing
recommendations.

Neonates with HIE undergoing TH
Shivering limits efficacy of TH, so sedation is recommended to
mitigate this adverse effect [16]. Morphine is traditionally utilized,
but safety concerns with respiratory depression and worrisome
effects on long-term neurodevelopmental outcomes in preterm
neonates prompted clinicians to seek alternatives. Contrary to this
concern, a recent study evaluating morphine or fentanyl in TH-

treated infants with HIE did not find worse neurologic outcomes at
18–24 months of age with higher cumulative opioid doses [17].
Future studies are needed to confirm long-term safety. In addition
to safety concerns, altered pharmacokinetics during hypothermia
may necessitate frequent dose adjustments of opioids and other
agents [16]. The dosing of DEX in studies of neonates undergoing
TH is summarized in Table 2.
In 2018, O’Mara et al. conducted a retrospective review

assessing safety and effectiveness of DEX in patients undergoing
TH for a diagnosis of HIE within 48 hours of birth [18]. Of the 19
patients evaluated, two received DEX monotherapy and 17
received a combination with fentanyl. Fentanyl was dosed at
0.5 mcg/kg/hour and increased by 0.5 mcg/kg/hour, and DEX was
initiated if the dose reached 1mcg/kg/hour. In 13 of the 17
patients receiving combination therapy, the fentanyl infusion was
weaned within 4 hours of starting DEX infusion, and 14 patients
were able to wean off fentanyl prior to DEX. No patients required
any additional sedation agents. Eleven patients were on DEX at
time of intubation, four weaned off on the day of extubation, and
all were weaned within 48 hours of extubation. Regarding adverse
effects, there were no significant changes in hemodynamics and
only one low heart rate (HR), which resolved with weaning of
fentanyl. This study introduces DEX as a safe and efficacious agent
for sedation during TH.
Assessing potential effects of TH on the pharmacokinetics of

DEX in neonates, McAdams et al. conducted a phase I, single
center, prospective, open-label clinical study [16]. The study
evaluated DEX in mechanically ventilated neonates with HIE
undergoing TH. Morphine was available for patients with episodes
of breakthrough shivering. Dexmedetomidine was started within
24 hours after birth, continued for the duration of TH and
discontinued once normothermia was achieved. When authors
compared their results to the pharmacokinetics of neonates not
undergoing TH from studies by Chrysostomou et al. and Greenberg
et al., clearance was lower while volume of distribution was higher
[7, 13]. Mean residual time was shorter in the patients undergoing
TH. None of these factors were statistically significant. Three cases

Table 1. Dosing summary of DEX in critically ill neonates.

Study N Gestational age
(weeks)

Body weight (kg) Loading dose
(mcg/kg)

Maintenance
dose (mcg/kg/h)

Duration of
therapy (days)

O’Mara et al.
(2012) [12]

48 (24
per group)

<36 (average 25) 0.832 ± 0.2042a N/A 0.3 (titrated by 0.1
increments)
Mean: 0.6 (range
0.3–1.2)

12a

Chrysostomou
et al. (2014) [13]

42 (18 group I,
24 group II)

Group I: ≥28 to <36
Group II: ≥36 to ≤44

2.6 ± 1a Level 1: 0.05
Level 2: 0.1
Level 3: 0.2

Level 1: 0.05
Level 2: 0.1
Level 3: 0.2

N/A

Estkowski et al.
(2015) [2]

28 neonates
99 infants

Neonate: 40
(38.9–40.8)b

Neonate: 3.4
(3.1–4.2)b

Infant: 5.6
(4.7–7.3)b

None, 0.5, or 1 Min: 0.2
Max infant: 0.6
(0.4–0.8)b

Max neonate: 0.4
(0.26–0.6)b

p < 0.01
Max infusion rates
Infant: 1.5
Neonate: 1

Min: 1.7
Max infant: 14
Max neonate: 5

Dersch-Mills et al.
(2019) [14]

38 23.29–40.86 2.605
(1.721–3.212)b

N/A 0.2–0.3 (titrated by
0.1 increments)
Max: 0.5 (0.3–0.7)b

0.125–58
(16 [42%] on DEX
for >10 days)

van Dijkman et al.
(2019) [15]

6-original
11-external
validation

Original: 34–40
External validation:
postmenstrual age
36.2 (34–40)b

Original: 2.25–4.1
External
validation:
2.8 ± 0.6a

N/A 0.3 N/A

aMean ± SD.
bMedian (IQR).
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of hypotension occurred, temporally associated with DEX initiation.
All three cases responded to inotropic support, but study authors
did not associate this as an adverse effect. No episodes of
bradycardia were noted. One patient did experience a brief seizure
episode 5 hours after starting DEX that did not require treatment.
In 2021, Cosnahan et al. published a retrospective, observational

cohort study evaluating 70 neonates, in which 34 received DEX
and 36 received scheduled morphine, all undergoing TH for HIE
[19]. The primary endpoint, efficacy of DEX for pain and sedation
during TH, revealed no clinically significant differences between
the morphine and DEX groups. Approximately half of both groups
were mechanically ventilated, and more infants in the morphine
group had meconium aspiration syndrome. Ventilatory support
requirements increased in the morphine group while they
decreased in patients receiving DEX. Breakthrough morphine
was allowed in both groups, and the DEX group received higher
amounts of breakthrough morphine (0.13 ± 0.13 vs 0.04 ± 0.09
mg/kg, p= 0.001), but total morphine requirement was signifi-
cantly higher in the morphine group (0.13 ± 0.13 vs 1.79 ± 0.23
mg/kg, p < 0.0001). Oxygen saturation and mean arterial pressure
(MAP) did not differ between both groups. Vasopressor use was
similar between the DEX and morphine groups (35.2 vs 38.8%,
p= 0.81). Bradycardia occurred in the DEX group without
discontinuation of the infusion. Heart rate remained within normal
limits for both groups. No differences in video EEG patterns post-
TH were observed, and MRI National Institute of Child Health and
Human Development scores did not differ between groups. Most
patients had a normal MRI in both groups. This study provided
short-term neurologic outcomes of using DEX during TH.
Most recently, Elliot et al., conducted a retrospective review of 166

neonates undergoing TH for HIE to assess the effects of sedatives and
gestational age on HR [20]. This study compared 120 neonates who
received fentanyl monotherapy as a first-line sedative option versus
46 patients that received DEX as a first-line agent for TH, 14 as
monotherapy and 32 with adjunctive fentanyl. Heart rate did not
differ between the two groups at baseline, during the first 12 hours
after birth, or after therapy was discontinued. Patients who received
DEX had significantly lower HR from 12–36 hours after birth
compared to patients receiving fentanyl monotherapy. Catechola-
mine use did not significantly differ between groups. Of the 46
patients that received DEX, 5 neonates required dose decreases, and
17 neonates had DEX discontinued. The most common reason was
bradycardia, and others included oversedation and hypotension.
Significantly more neonates in the group with DEX decrease or
discontinuation were found to have normal EEG or mild encephalo-
pathy at 48 h compared to the group that continued DEX (6/22 vs 2/
24, p= 0.04). When comparing HR nadir between age groups of ≤
35 weeks, 36–38 weeks, or >39 weeks, there was no statistical
difference amongst the groups. Mean and nadir HR were lower in
patients that required a decrease or discontinuation of DEX. Mean
and maximum dose of DEX in groups that continued therapy did not
differ from those patients that required discontinuation or decrease in
DEX dose.

Surgical neonates
Dexmedetomidine is an attractive agent in the intraoperative and
postoperative setting in neonatal surgical patients to facilitate
sedation while minimizing respiratory depression and exposure to
opioids and benzodiazepines. The following section describes
utilization of DEX in a variety of surgical settings. Dosing regimen
details from these studies are provided in Table 3.
Neonatal DEX use in the surgical setting was initially described in

a prospective study of full-term neonates (n= 16) undergoing
abdominal surgery [21]. Intraoperative DEX was utilized with
sevoflurane to induce GA. Patients’ blood pressure and HR
remained stable throughout the procedure, and only three patients
required a ketamine bolus. This study served as a pilot for future
surgical studies utilizing DEX in neonates.Ta
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Dexmedetomidine with caudal anesthesia
In a retrospective case series, Waurick et al. reviewed infants who
underwent lower abdominal or lower extremity surgery and
received DEX sedation with caudal anesthesia (CA) [22]. One of the
ten full-term infants required escalation to GA due to hiccups after
DEX dose escalation to 1.2 mcg/kg/h. Three of the 12 ex-preterm
infants required conversion to GA due to prolonged surgical time
or technical failure unrelated to DEX. Decreases in HR and MAP
were noted in both groups with one critical MAP in an ex-preterm
infant; no interventions were reported in response to this
measurement. Overall, the combination of DEX sedation with CA
was successful in 82% (18/22) of infants, while the remaining
infants required conversion to GA.
Bong et al. completed a pilot retrospective review study of 50

neonates evaluating DEX sedation versus GA for infants under-
going inguinal hernia surgery [23]. Forty-three patients were
successfully managed without additional sedatives or escalation to
GA. The most commonly documented adverse effect, experienced
by 36% of patients, were “irregular respiration, mimicking hiccups,
or sobbing” during continuous infusion of DEX. Five patients
experienced transient apnea, three patients developed mild
bradycardia, and two patients experienced transient hypotension,
which resolved with fluid resuscitation.
In the follow-up controlled trial, Bong et al. randomized

neonates to receive DEX with CA (n= 51), or GA with CA (n= 48)
for inguinal hernia surgery [24]. In the DEX with CA group, 90%
of patients were successfully managed without additional
sedatives or escalation to GA. Intraoperatively, patients in the
DEX group had significantly lower HR and higher MAP but no
significant difference in operating room time. There was no
difference in hypoxemic episodes intraoperatively, but post-
operatively, a significantly higher number of infants experienced
episodes in the GA group compared to the DEX group. Study
authors concluded that DEX with CA is an effective alternative in
place of GA.

Cardiovascular surgery
Zuppa et al. published a phase 1 multicenter study evaluating the
safety and pharmacokinetics of DEX in 122 full-term neonates and
infants undergoing cardiac surgery with cardiopulmonary bypass
(CPB) [25]. All patients received GA and fentanyl. Dexmedetomidine
was initiated intraoperatively and continued postoperatively in
conjunction with other continuous infusion or intermittently dosed
sedatives. A dose escalation strategy was utilized to generate
pharmacokinetic modeling to design dosing strategies to achieve
steady state DEX plasma levels between 0.2–1mcg/L. Five of the 122
infants experienced cardiovascular adverse effects, all of which
resolved and may have had multifactorial causes. The pharmacoki-
netic model predicted up to a 50% reduction in DEX clearance in the
immediate postoperative period and a 95% reduction while on CPB
when compared with pre-CPB clearance. Based on this, study authors
recommend a decreased DEX infusion rate after the first hour of CPB.
Dosing recommendations were provided based on patient age and
target steady state concentration (Table 3). Dosing recommendations
for infants skewed higher due to maturation of hepatic metabolism in
the first 3 weeks of life. Preliminary phase 1 data from this study will
be expanded in a phase 3 trial.
Later in 2019, Zimmerman et al. published a single center,

open-label, opportunistic, pharmacokinetic study in infants and
young children ≤ 36 months of age (n= 18) undergoing CPB and
receiving DEX [26]. A simulated dosing model provided pre-
liminary dosing recommendations reflecting reduced clearance
during CPB (Table 3). Hypotension was reported in eight
patients (44%), but no episodes were attributed to DEX. Three
patients (18%) experienced bradycardia, prompting discontinua-
tion of DEX in one patient, but authors attributed all bradycardia
events to non-DEX causes.

Postoperative sedation
In 2012, Lam et al. published a retrospective observational study in
a single tertiary care university children’s hospital cardiovascular
ICU [27]. Critically ill neonates and infants ≤ 12 months of age with
congenital or acquired heart disease receiving DEX post-surgically
for at least 24 hours were included. At the discretion of the
medical team, DEX was added as a second or third agent after
most patients were given morphine and/or midazolam. All
patients were reported to be hemodynamically stable throughout
the infusion despite statistically significant decreases in HR and
MAP. The median number of sedation rescue doses decreased
from two boluses prior to DEX to one bolus in the 24- to 48-hour
interval, and the median number of analgesic rescue doses
remained the same after DEX initiation. Of note, 74% of patients
received clonidine after discontinuation of DEX infusion secondary
to a withdrawal phenomenon. This study demonstrated that DEX
is well-tolerated in the post-cardiac surgery neonatal population.
Subsequently, Su et al. conducted a pharmacokinetic dose

escalation clinical trial in full-term neonates and infants receiving
DEX after open-heart surgery [28]. Neonates were divided into
three dosing cohorts, but three neonates in the highest dosing
cohort experienced hypotension requiring CPR. Future patients
assigned to this cohort received lower doses. Three neonates had
EKG changes indicative of cardiac ischemia after DEX infusion, but
none were deemed clinically significant. Compared to the studied
infant population, neonates required an estimated 30–40%
reduction in weight-based dosing to achieve similar steady state
plasma concentrations, especially in the first 14 days after birth.
The authors noted that DEX pharmacokinetics were influenced by
higher total bypass time, which may decrease clearance, and
presence of right-to-left intracardiac shunt, which may increase
clearance. When administered equivalent weight-based doses of
DEX, neonates achieve steady state concentrations at >10 hours,
compared with infants who achieve steady state in 6 hours. Study
authors concluded that DEX dosed at 0.3 mcg/kg/hour was well-
tolerated in neonates after open heart surgery.
In 2017, Greenberg et al. conducted a single center, open-label

pharmacokinetic study in infants < 12 months of age (n= 20) who
were either mechanically ventilated or undergoing cardiac surgery
receiving DEX [7]. Infants received at least one other sedative within
24 hours, most commonly midazolam, methadone, fentanyl, or
clonidine. Fifteen infants (75%) experienced hypotension requiring
vasopressors, but study authors determined severity of illness and
concomitant medications were contributory. Infants with a history of
cardiac surgery had approximately 40% lower clearance compared
to other infants, thus requiring lower doses of DEX.
In 2019, Sellas et al. retrospectively evaluated 78 preterm and

term neonates who received either DEX or an alternative sedative
post-operatively, most commonly for upper gastrointestinal
procedures [29]. Patients required at least 6 hours of continuous
sedation post-operatively and were equally matched between
groups. In the DEX group, 72% (28/39) of patients received a
concomitant opioid infusion, and five patients experienced
bradycardia, which was higher than the two patients in the non-
DEX group (p= 0.013). No significant differences in hypotension
or respiratory depression occurred. There was no significant
difference in duration of opioid infusion between the two groups,
but there was a lower total dose of opioids required by patients in
the DEX group versus the non-DEX group (p= 0.0115).
In 2021, Sykes et al. performed a retrospective chart review of

neonates who underwent open thoracic or abdominal operation [30].
Patients who received intravenous acetaminophen and DEX (n= 30)
were compared with patients who received intravenous acetamino-
phen without DEX (n= 82) in the first ten postoperative days, and
opioid exposure was evaluated in each arm. Neonates in the
intravenous acetaminophen with DEX arm received significantly more
morphine equivalents on average daily and had a longer median time
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to extubation than those in the intravenous acetaminophen without
DEX arm (0.4 morphine equivalent/kg/day and 3 days versus 0.2
morphine equivalent/kg/day and 1 day). Time to full enteral feeds was
not significantly different between both arms. The authors concluded
that DEX was associated with increased opioid exposure in
postoperative abdominal and thoracic surgery neonates.

Procedural sedation
Intranasal administration is an alternative route explored by Bua
et al. [31]. In a prospective study, 3 mcg/kg intranasal DEX with
midazolam rescue therapy was compared to intravenous or
intranasal midazolam monotherapy. Fifty-three neonates under-
going MRI with sedation with a gestational age of ≤32 weeks or a
birth weight of ≤1500 g were included. The median time to
sedation for DEX alone was 10 minutes with a median time to
arousal of 59minutes. Seven neonates receiving DEX had self-
resolving desaturation events, and only one received DEX as
monotherapy. Overall, there was a reduction in midazolam doses
needed to achieve sedation with the use of intranasal DEX.

DISCUSSION
This review demonstrates the safety and efficacy of DEX in
preterm and term neonates for a variety of disease states. In
critically ill neonates, DEX proved to be an efficacious adjunctive
sedative for mechanically and non-mechanically ventilated
patients. Dexmedetomidine reduced the need for other sedatives,
specifically the number of opioids and benzodiazepines boluses
and continuous infusions [12, 14]. Dexmedetomidine was
associated with a decreased time on mechanical ventilation and
shortened time to full enteral feeds [12, 18].
In patients receiving TH for HIE, DEX has similarly shown to be a

safe and effective agent for sedation. Due to its ability to sedate
without causing respiratory depression, it is an ideal agent for
patients receiving hypothermia without mechanical ventilation
[18]. The neuroprotective properties identified in preclinical
studies make DEX a potentially beneficial option for this patient
population compared to opioids and benzodiazepines; however,
none of the studies to date have evaluated long-term neurode-
velopmental outcomes. Cosnahan et al. evaluated short-term
benefits through video EEG monitoring and MRI at 12 to 14 days
after birth but did not show a difference between the morphine
and DEX groups, which may be attributed to the small sample size
and minimal number of patients showing extensive HIE [18].

Dosing
In the pediatric population, DEX is used as a sedative with loading
and maintenance dosing, similar to the neonatal population. In
children and adolescents, recommended loading doses range
from 0.5–2mcg/kg over 10 minutes followed by a recommended
maintenance dose of 0.5–1mcg/kg/hour [32]. Dosing Tables 1–3
display varying neonatal loading doses ranging from 0.2–2mcg/
kg and maintenance doses ranging between 0.05–1.5 mcg/kg/
hour. Studies with higher reported maxes up to 2.5 mcg/kg/hour
included infants [7]. In general, neonatal dosing tends to be lower
than infant and pediatric dosing due to immature hepatic
metabolism and decreased clearance. In surgical patients (Table 3),
dosing varies depending on the type of procedure, underlying
patient conditions, and sedation level goal. Notably, CPB
decreases clearance of DEX, so patients undergoing CPB should
have infusion rates proactively reduced [24, 25, 27]. Patients
undergoing TH can safely be administered similar neonatal doses
of DEX with similar or slightly higher plasma concentrations based
on the limited information available [16].

Adverse effects
The most clinically relevant adverse effects associated with DEX in
neonates include bradycardia and hypotension (Table 4). Preclinical

data demonstrates potential for cerebral hypoperfusion secondary to
dose-dependent hypotension [33]. Additional side effects noted
include hiccups, sobbing, and irregular respirations. Seizures as an
adverse effect were reported by Kubota et al. [34]. This occurred in a
41-week gestation infant receiving DEX at 0.625mcg/kg/hour. An EEG
showing ictal changes resulted in DEX discontinuation. Twelve hours
later, the seizures ceased without medical intervention. At 8 months
of age, the infant had normal development and no obvious
neurological abnormalities. A similar adverse effect of seizure in a
single patient was identified in McAdams et al. [16]. This patient
experienced a seizure 5 hours after the start of DEX but did not
require treatment, and the seizure did not reoccur.
Although the summarized studies provide an adequate

foundation of expected adverse effects during DEX administration,
no long-term studies assess developmental outcomes after
human exposure during the neonatal period. Favorable neuro-
protective effects have been observed in neonatal rats following
induction of hyperoxia [35]. In addition, rat pups exposed to a
single dose of DEX on postnatal age 7 showed no impairment of
hippocampal synaptic plasticity at 9 weeks of life, supporting
long-term safety in comparison with other anesthetic agents [36].
Another study demonstrated enhanced spatial learning and
memory in rat pups exposed to DEX at postnatal day 7 [37].
Although limited by small sample sizes and non-human popula-
tions, these findings are promising. Long-term developmental
outcomes in humans may elucidate stronger evidence to support
DEX utilization in neonates over alternative sedatives.
Prolonged infusions of DEX may increase the risk of iatrogenic

withdrawal, especially upon abrupt discontinuation. Although FDA
approved for a 24-hour infusion, clinical studies have reported
prolonged durations upwards of 10 days [14]. Strategies to avoid
withdrawal symptoms include weaning of the infusion or addition of
an oral alpha2-agonist, clonidine [12, 14]. Although lacking substantial
data in the neonatal population, transitioning from DEX to clonidine is
recommended in pediatric and adult literature [38, 39].

Future directions
Although significant progress has been made evaluating the safety
and efficacy of DEX in the neonatal population, future studies would
help clinical applicability. Dilutions of 2mcg/mL and 4mcg/mL have
been reported in the literature; however, the only available dilution of
DEX with stability data is 4mcg/mL [1, 40]. Many syringe pumps limit
the minimum infusion rate to 0.1mL/hour. At an initial starting dose
of 0.2mcg/kg/hour, patients weighing < 2 kg would require infusion
rates < 0.1mL/hour. It is critical to expand stability testing for more
dilute concentrations to accommodate smaller neonates.
Another challenge in the neonatal population is limited

intravenous access, which presents the need for y-site adminis-
tration of medications. Although recent literature has described
the y-site compatibility of DEX with parenteral nutrition and fat
emulsion, fish oil and plant based (SMOFlipid®), y-site compat-
ibility with commonly used medications in neonates are lacking
[41]. Availability of compatibility information in standard drug
references would be helpful for using DEX in critically ill
neonates.
The current literature provides evidence of the safety and

efficacy of DEX in the preterm and term neonatal population.
Dexmedetomidine may be an attractive option as primary
sedation in TH or as adjunctive therapy in patients with additional
analgesic concerns. A randomized, controlled trial evaluating the
role and pharmacokinetics of DEX in TH is currently ongoing, and
the results will help establish definitive place in therapy and safety
[42]. Information is limited regarding the use of DEX in preterm
neonates, particularly in patients < 31 weeks postmenstrual age.
This review summarizes the available evidence on dosing, adverse
effects, and practical considerations. Future studies can focus on
determining long-term neurodevelopmental safety as well as
improving ease of clinical applicability.
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